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Summary. We investigate for the ﬁ rst time the species composition and community structure of lobose thecamoebians (Arcellinida) inhabit-
ing an unpopulated and pristine island from the southeastern Paciﬁ c. Results revealed low alpha diversity and a high proportion of cosmo-
politan species. One genus, four species and two subspecies were identiﬁ ed for the ﬁ rst time for southwestern South America. Further, four 
morphotypes were not identiﬁ ed to species level, and one could not be identiﬁ ed to species or genera level. They are probably endemics of 
this poorly studied and remote zone. These results were consistent with the moderate endemicity hypothesis of microbial biogeography. We 
hypothesized that the low diversity of species recorded on the island is due to selective colonization-extinction dynamics, processes that 
determines the low species richness of insular macro-organisms. However, this hypothesis needs to be evaluated in the future. Statistical 
analysis showed that testate amoebae were distributed in two discrete communities in the island. The ﬁ rst consisted of organisms inhabiting 
habitats located within a forest and the second by organisms inhabiting habitats located outside the forest. The suggested primary factor 
differentiating these both communities was the availability of appropriate habitat for the different species of testate amoebae. 
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INTRODUCTION 
In opposition to the idea that all the microorganisms 
have a cosmopolitan or ubiquitous distribution, many 
studies support the hypothesis that some free-living 
protists have biogeographic patterns (e.g. see Foissner 
and Hawksworth 2009 or Fontaneto 2011 for many ex-
amples). However, if we compare the number of inves-
tigations on protists made in the southern hemisphere 
with those made in the northern hemisphere, it is easy 
to conclude that the former has been historically less 
studied (Fenchel and Finlay 2003, Mitchell and Meis-
terfeld 2005). Consequently, the general approval for 
this hypothesis has been undermined mainly by the lack 
of data from unexplored regions of the planet. This lack 
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of information on protists is especially evident in south-
western South America, Chile, a region where research 
on biota is strongly biased towards vertebrates (Simo-
netti et al. 1995). Particularly, remotes areas of the 
southern Chilean coastline, archipelago and fjordland 
(41–56°S) are amongst the most poorly studied areas 
of the planet (Schrödl and Grau 2003, Arriagada 2010); 
and except for a number of recent studies on foramini-
fera (e.g. Zapata 1999; Hromic 2002, 2009; Fernández 
2010; Fernández and Zapata 2010a, b), free-living pro-
tists belonging to these remote areas remain still un-
known. Moreover, most of the studies carried out on 
testate amoebae in Chile correspond to taxonomic re-
ports (Fernández and Zapata 2011); as a result, little is 
known on the community pattern of these microorgan-
isms in southwestern South America. 
In order to reduce the gap in the global knowledge 
of these microorganisms, this study presents the ﬁ rst re-
cords and community patterns of testate amoebae (Ar-
cellinida) inhabiting the southern Chilean Guamblin Is-
land, one of the most remote and oceanic islands of Los 
Chonos Archipelago. The outcomes supplied by this 
study could provide valuable antecedents to the current 
debate on the biogeography of protists.
MATERIALS AND METHODS
Study site
The Chonos Archipelago is made up of over 150 islands sepa-
rated by saltwater channels and fjords scattered along the western 
margin of Aysén Region, southern Chile, between latitudes 44°S 
and 46°S (Haberle and Bennett 2004). The region lies within a zone 
of high precipitation, produced by the coupled ocean–atmospheric 
inﬂuence of the Southern Polar Front that migrates seasonally be-
tween 50°S (austral summer) and 45°S (austral winter) (Haberle and 
Bennett 2004). The climate is strongly oceanic, with annual pre-
cipitation in the region in the order of 3,000 mm. Annual average 
temperatures at sea level range between 8 and 10°C, and decrease 
further to the east with increasing continentality and with increasing 
altitude (Szeicz et al. 2003). Guamblin Island is the most oceanic of 
the islands composing the Chonos Archipelago and lies at about 83 
nautical miles from the mainland. This island has an area of 15,912 
ha and a maximum attitude of 218 m. In 1967 a National Park was 
designated in order to protect both the biodiversity and the purity of 
its landscapes (CONAMA 1987). Guamblin Island is an excellent 
natural laboratory to test the dispersal capability of protist since it 
is an extremely inaccessible and pristine mass of land, without any 
anthropogenic intervention; nobody lives or have lived on the island 
in the past (it is completely uninhabited); has many habitats similar 
to those found in the nearby mainland (e.g. North Patagonian rain-
forest, creeks, swamps), which in turn, are potentially suitable for 
the establishment of the arcellinids; and naturally, is isolated. These 
precedents lead us to assume that the occurrence of all of its biotic 
components can be attributed to natural processes and to consider 
a minimal (if any) anthropogenic inﬂ uence on the dispersal mecha-
nism and subsequent establishment of protists on island.
Sampling of testate amoebae and laboratory treat-
ment
Fifteen surface samples (1,000 cm3) were collected in January 
2008 (austral summer) along a ca. 5,000 m longitudinal transect, 
covering the northeastern side (closest area to the mainland) of the 
Guamblin Island (Fig. 1). We sampled only this area because the 
remainder of the island was, at that time, totally inaccessible by foot 
or by sailing (trekking through the forest was almost impossible, 
and there are many cliffs and rocky outcrops along the coastline that 
do not allow a safely disembarkation). All samples were collected in 
potential habitats for these microorganisms, but bryophytes (a clas-
sical habitat for testate amoebae) were absent along this transect. 
Details of the sampling sites are given in Table 1 and two repre-
sentative examples are shown in Fig. 2. All samples were stored 
wet to maintain the original moisture conditions during transport 
and were studied within three weeks after collection. The samples 
were maintained at air temperature (the austral summer is 12°C on 
average at this latitude) and were protected from direct sunlight dur-
ing the whole stay on the island and the return trip. On return to 
the laboratory, samples were washed through 500, 250 μm mesh 
sieves to retain the coarse organic material, and then back-sieving 
over a 30 μm mesh sieve to retain microorganisms. The resulting 
ﬁ ltrate of each sample was deposited on a Petri plate and air-dried 
at room temperature. All samples were examined under a light mi-
croscope at high magniﬁ cation and all individuals were isolated and 
counted. The determination of species was based on morphological 
characters of the shell (morphospecies), according to a wide range 
of literature. Important sources used in the determinations included 
those of Certes (1889), Wailes (1913), Jung (1942), Bonnet (1966), 
Meisterfeld (2002) and Zapata et al. (2007). For scanning electron 
microscopy, the organisms (shells) were isolated, mounted on cov-
erslips and ﬁ nally air-dried. The shells on coverslips were coated 
with gold and examined with a JEOL JSM-6380 operating at 20 kV.
Evaluation of sampling artifacts
In order to rule out possible artifacts on sampling effort we per-
formed a species-accumulation curve method. Species-accumula-
tion curve take account of the identity of the species and plot the rate 
of accumulation of the new species sampled as samples of identical 
size are pooled over the total area sampled (Ugland et al. 2003). 
Because all communities contain a ﬁnite number of species, if the 
surveyors continued to sample, the curves would eventually reach 
an asymptote at the actual community richness. Thus, the curves 
contain information about how well the communities have been 
sampled (i.e. what fraction of the species in the community have 
been detected) (Soberón and Llorente 1993). Here, we use the non-
-parametric abundance-based estimator Chao1 to estimate richness 
(Chao 1984, Colwell and Coddington 1994). Species accumulation 
curve was calculated with EstimateS v8 software (Colwell 2012) 
using 1,000 randomizations and sampling without replacement. To 
see if result was sensitive to choice of richness estimator, we also 
ran selected analyses using a number of other common non-para-
Publikacja objęta jest prawem autorskim. Wszelkie prawa zastrzeżone. Kopiowanie i rozpowszechnianie zabronione.  
Publikacja przeznaczona jedynie dla klientów indywidualnych. Zakaz rozpowszechniania i udostępniania serwisach bibliotecznych
Arcellinida on a Pristine and Remote Island 141
Fig. 1. Map of the Guamblin Island National Park. Samples were taken at equidistant distances, ranging from sector Punta Piedra (sampling 
site number 1) to sector Punta Arena (sampling site number 15).
metric estimators based in both incidence and abundance of species 
(i.e. Jack1, Jack2, Chao2, ICE and ACE).
Multivariate analyses
Individuals not identiﬁ ed to genera or species level were ex-
cluded from multivariate analyses. Although they may belong 
to new taxa, we must still conﬁ rm that they are not just aberrant 
individuals. In addition, we lumped together all subspecies (for-
merly considered as varieties) in their respective morphospecies, 
since many of them have not been conﬁ rmed for anyone else than 
the person who ﬁ rst described (Mitchell and Meisterfeld 2005), 
situation very common for this region of the globe. These proce-
dures were performed to reduce skewed or distorted results. Then, 
we fourth root transformed data to down-weight the inﬂ uence of 
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Table 1. Description of sampling sites surveyed on Guamblin Island. See some global examples in Fig. 2.
Sampling sites Habitat General remarks
S1–S2 Creeks Aquatic soil from two small creeks located outside the forest, close to a swamp and surrounded by marsh 
vegetation
S3 Swamp Coastal swamp, located very close to sea, dominated by Gunnera spp. and Juncus sp. (probably J. procerus)
S4 Swamp Swamp located at forest margins, dominated by Gunnera spp., Baccharis linearis, Blechnum chilense and Jun-
cus sp. (probably J. procerus)
S5 Cave Mud from a little cave located at forest margins, without vegetation.
S6, S7, S9, S12–S15 Forest Litter and soil from sites located within North Patagonian rain forest, dominated mainly by Nothofagus dombeyi 
and N. nitida
S8, S10, S11 Creek Three small creeks located within North Patagonian rain forest and surrounded mainly by Gunnera spp., 
B. chilense and Drimys winteri
Fig. 2. Both images correspond to the northeastern side of the Guamblin Island (‘closest’ area to mainland). These images are useful to show 
the contrasting nature of the two types of sampled environments (treeless and forested environments). A – this photo corresponds to the 
sampled coastal swamp, which is located in sector Punta Piedra (see Fig. 1). This environment is dominated by Gunnera spp. and Juncus 
sp.; B – this photo corresponds to sector Punta Arena (see Fig. 1), and was taken from an elevation of 150 m a.s.l. In the foreground are some 
ferns (Lomatia ferruginea) and trees (Nothofagus spp., Amomyrtus luma and Maytenus boaria). In the background is the North Patagonian 
rain forest (which is mainly dominated by Nothofagus spp.) and towards the end the Southeastern Paciﬁ c. Photo credits by J. Pérez.
abundant taxa and account for rare taxa as well (Kreutzweiser et 
al. 2005). Cluster analysis (group average method on Bray–Cur-
tis similarity index) was used to quantify community differences 
and similarities between environments sampled. To conﬁ rm that 
the groups (i.e. communities) created by the cluster analysis were 
natural, we subjected the similarity matrix to a 2-d non-metric 
multidimensional scaling (nMDS), which is a robust ordination 
method for ecological community data (Clarke and Gorley 2005). 
In order to identify signiﬁ cant groupings of testate amoebae ac-
cording to species composition (i.e. deviated from null structure at 
α = 0.05) we performed a similarity proﬁ le (SIMPROF) analysis 
(Clarke 1993). Here, each of the variables (species) was random-
ized across samples (sampling sites) and the rank order of similari-
ties recalculated over 1,000 permutations. Similarity of percentage 
(SIMPER) analysis, with a cut off for low contributions of 50%, 
was used to determine the percentage contribution of individual 
species towards describing the communities of testate amoebae 
by species composition (Clarke 1993). Bubble-plots of the most 
conspicuous species were selected because they were identiﬁed 
as primary factor differentiating the major communities and were 
superimposed onto nMDS plots. All the analyses were performed 
in PRIMER v6 software (Clarke and Gorley 2005).
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RESULTS 
A total of 18,620 thecamoebians, distributed in 12 
genera, 33 species and ﬁ ve subspecies were identiﬁ ed 
and counted from Guamblin Island. One genus, four 
species and two subspecies are mentioned for ﬁ rst time 
for southwestern South America (Table 2). On the other 
hand, four morphotypes were not identiﬁ ed to species 
level, and one could not be identiﬁ ed to species or gen-
era level (Table 2). We do not make a formal descrip-
tion of these taxa, because the number of individuals 
per sample was too low to conﬁ rm that they are not just 
aberrant individuals. Except for these individuals, all 
of testate amoebae identiﬁ ed in the present study have 
been recorded previously in other regions of the world, 
including continental Chile (i.e. cosmopolitan or ubiq-
uitous microorganisms) (Fig. 3).
The most diverse genera were Centropyxis and Dif-
ﬂ ugia, with ﬁ ve and seven species correspondingly (Ta-
ble 2). In addition, the ﬁ ve most abundant species (taxa 
with > 5% of total individuals) made up 56.1% (10,460 
individuals) of the total testate amoebae recorded in the 
Guamblin Island (Table 2). These taxa encompassed 
Centropyxis aculeata 32.5% (6,050 individuals, lump-
ing all the subspecies as one taxon), Apodera vas 6.8% 
(1,260 individuals), Centropyxis elongata 5.7% (1,070 
individuals), Cyclopyxis arcelloides 5.7% (1,060 indi-
viduals), and Centropyxis aerophila 5.5% (1,020 indi-
viduals) (Table 2). Moreover, our species-accumulation 
curve was close to saturation, showing that our sam-
pling effort provides a reliable species richness for the 
sampling sites, since all the data points estimated with 
Chao1 fall within the 95% probability intervals (Fig. 4). 
Estimation of species richness was not changed when 
we explored the use of species richness estimators other 
than Chao1. Indeed, species-accumulation curve using 
Jack1, Jack2, Chao2, ICE and ACE produced estima-
tions that also are within the 95% probability intervals 
given by Chao1 analysis (results are not shown).
The Cluster and SIMPROF analyses identiﬁ ed two 
broad and statistically signiﬁ cant groups (i.e. two com-
munities, p = 0.001, Fig. 5). The ﬁ rst of these groups 
(community A) consisted of samples taken exclusively 
outside the forest (creeks and swamps, S1–S4), which 
in turn, was subdivided into two statistically signiﬁ cant 
smaller clusters (p < 0.01, Fig. 5). In contrast, the second 
group (community B) was composed of samples taken 
both within and at forest margins (forest soil, creeks 
and cave, S5–S11), which was subdivided into two 
signiﬁ cant clusters: mud from a little cave and the rest 
(p < 0.01, Fig. 5). The nMDS ordination analysis also 
supported graphically the existence of these two broad 
and discrete communities (Kruskal stress = 0.13, Fig. 6). 
The SIMPER analysis revealed that the average 
Bray–Curtis similarity between all pairs of sampling 
sites in the community A was 60.44%, made up mainly 
of contributions from four species (Table 3, columns 2 
and 4). Among these were the species C. aculeata, Cy. 
arcelloides, Difﬂ ugia oblonga curvicollis and D. globu-
laris with a cumulative contribution of about 50% of 
the total similarity of 60.44% (Table 3, column 5). Fur-
thermore, the community B obtained a within-group 
average Bray–Curtis similarity of 63.91%, made up 
mainly of contributions from ﬁ ve species (Table 3, col-
umns 2 and 4). C. aculeata was again prominent among 
these species, but the remaining four species (Argynnia 
dentistoma, A. vas, Certesella martiali, C. aerophila) 
were completely different from those listed as major 
contributors in the community A. These ﬁ ve species 
contributed with about 50% of the total similarity of 
63.91% (Table 3, column 5). We bubble-plotted onto 
nMDS plots the two most conspicuous species making 
up the observed similarity within each community in 
Fig. 7 (excluding a priori C. aculeata, since was present 
in both communities). 
Additionally, the SIMPER analysis also found that 
the average of the Bray–Curtis dissimilarities between 
both communities was 56.31%. Ten species accounted 
for more than 50% of average dissimilarity between both 
communities (Table 4). For instance, this dissimilar-
ity was made up of 4.45% from Cy. arcelloides, 3.94% 
from D. globularis and so on (Table 4, column 3). The 
Cy. arcelloides contribution was 7.55% of the total of 
56.31%, D. globularis gived 6.99% of this total (Table 4, 
column 5). These values percentages were accumulated 
in the column 6 (Table 4), until the cut-off of > 50% was 
reached. The ratio of the average contribution/standard 
deviation (column 4) was always high for each of these 
ten species. We bubble-plotted onto nMDS plots the two 
most conspicuous species making up the observed dis-
tinction between both communities (Fig. 8). 
DISCUSSION 
The so-called ‘ubiquitous dispersal hypothesis’ 
states that all microorganisms can be found anywhere 
on the planet as long as suitable conditions are met 
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Table 2. Occurrences of testate amoebae in each sampling site on Guamblin Island, Southern Chile (individual abundances were divided 
by the total for that sample). 
Samples
Community A Community B
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
Apodera vas Certes 0.0 0.0 1.9 4.3 6.8 7.8 11.7 4.8 19.6 4.0 0.0 12.4 7.9 13.7 31.3
Argynnia dentistoma Penard 0.0 0.0 1.0 3.5 4.5 4.9 7.8 4.8 4.7 6.0 9.1 11.3 6.3 3.8 10.0
Argynnia vitrea Penard 0.0 0.0 0.5 4.3 6.8 3.9 0.0 0.0 0.0 5.0 4.5 0.0 7.1 7.6 6.3
Centropyxis aculeata aculeata 
(Ehrenberg) 
15.6 15.3 36.3 47.8 36.4 42.2 16.9 54.2 13.1 45.0 47.8 18.5 35.4 30.5 15.0
Centropyxis aculeata oblonga 
(Ehrenberg) 
5.5 8.3 0.0 0.0 1.1 2.9 3.9 2.4 2.8 2.0 0.0 0.0 2.4 3.8 0.0
Centropyxis aerophila Deﬂ andre 10.1 8.7 0.0 4.3 0.0 11.8 7.8 2.4 4.7 8.0 3.4 3.1 4.7 6.9 0.0
Centropyxis constricta  (Ehrenberg) 6.9 8.3 0.0 0.0 5.7 7.8 3.9 0.0 0.0 0.0 5.7 3.1 6.3 2.3 2.5
Centropyxis discoides Penard 9.6 7.9 1.0 0.0 0.0 0.0 0.0 0.0 4.7 8.0 6.8 3.1 0.0 0.0 10.0
Centropyxis elongata (Penard) 6.9 3.3 1.4 0.0 26.1 7.8 2.6 0.0 0.0 0.0 5.7 20.6 9.4 8.4 0.0
Certesella martiali (Certes) 0.0 0.0 1.0 0.0 1.1 2.0 10.4 3.6 24.3 2.0 0.0 12.4 4.7 3.8 10.0
Cyclopyxis arcelloides (Penard) 9.6 8.3 24.9 5.2 0.0 0.0 0.0 0.0 0.0 0.0 5.7 0.0 1.6 0.0 0.0
Cyclopyxis intermedia* Kufferath 2.3 0.8 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclopyxis kahli Deﬂ andre 3.7 0.0 0.0 0.0 3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclopyxis eurystoma Deﬂ andre 2.8 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclopyxis sp. 0.9 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Difﬂ ugia bryophila Penard 0.0 1.2 0.0 0.0 0.0 2.0 15.6 2.4 14.0 3.0 0.0 2.1 6.3 5.3 6.3
Difﬂ ugia cylindrus* (Thomas) 7.3 12.8 11.0 0.0 0.0 2.0 5.2 2.4 4.7 3.0 0.0 0.0 0.0 0.0 0.0
Difﬂ ugia globularis Wallich 0.9 11.6 7.2 4.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Difﬂ ugia lanceolata* Penard 2.3 1.2 4.8 1.7 1.1 0.0 1.3 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
Difﬂ ugia mitriformis Wallich 2.3 0.8 3.8 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Difﬂ ugia oblonga curvicollis** 
Ehrenberg c.f.
8.3 9.1 2.4 7.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0
Difﬂ ugia lata* (Ehrenberg) 1.8 1.2 1.0 0.0 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Heleopera petricola Leidy 0.9 0.8 0.0 0.0 0.0 0.0 2.6 3.6 0.0 0.0 2.3 0.0 0.0 0.8 0.0
Heleopera sphagni (Leidy) 0.0 0.0 0.0 0.0 0.0 2.0 2.6 1.2 0.0 0.0 0.0 3.1 1.6 1.5 0.0
Lagenodifﬂ ugia sp. 0.0 0.0 1.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nebela barbata psilonata Leidy 0.9 0.4 0.0 0.9 2.3 2.0 2.6 6.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0
Nebela collaris (Ehrenberg) 0.0 0.0 0.0 1.7 0.0 0.0 2.6 6.0 2.8 2.0 5.7 3.1 0.8 1.5 6.3
Nebela penardiana Deﬂ andre 0.0 0.0 0.0 1.7 0.0 1.0 2.6 0.0 4.7 3.0 0.0 2.1 3.1 2.3 2.5
Nebela sp.1 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0
Nebela sp.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0
Padaungiella (Nebela) lageniformis 
(Penard) c.f.†
0.0 0.0 0.0 2.6 0.0 0.0 0.0 0.0 0.0 2.0 0.0 5.2 0.0 4.6 0.0
Plagiopyxis glyphostoma major** 
Bonnet 
1.4 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pontigulasia compressa Rhumbler 0.0 0.0 0.0 2.6 0.0 0.0 0.0 6.0 0.0 6.0 3.4 0.0 0.0 0.0 0.0
Undetermined individual 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
* Species mentioned for ﬁ rst time for southwestern South America; ** subspecies mentioned for ﬁ rst time for southwestern South America; †formerly Nebela 
lageniformis, now transferred to new genus Padaungiella (Kosakyan et al. 2012).
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Fig. 3. Species observed on the Guamblin Island. 1 – Centropyxis aculeata aculeata; 2 – C. aculeata oblonga; 3 – C. aerophila; 4 – C. dis-
coides; 5 – C. elongata; 6 – C. constricta; 7a, b – Cyclopyxis arcelloides; 8a, b – C. eurystoma; 9a, b – C. intermedia; 10a, b – C. kahli; 
11a, b – Plagiopyxis glyphostoma major; 12 – Difﬂ ugia lanceolata; 13 – D. cylindrus; 14 – D. mitriformis; 15 – D. globularis; 16 – Pon-
tigulasia compressa c.f.; 17 – D. lata; 18 – D. oblonga curvicollis c.f.; 19 – D. bryophila; 20 – Apodera vas; 21 – Certesella certesi; 
22 – Heleopera sphagni; 23 – H. petricola; 24 – Argynnia dentistoma; 25 – A. vitrea; 26 – Nebela barbata psilonata; 27 – N. penardiana; 
28 – N. collaris; 29 – Padaungiella (Nebela) lageniformis. The background of SEM images were retouched in some cases to highlight the 
organisms, however, the microorganisms per se were not manipulated in any way.
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Fig. 4. Species-accumulation curve for testate amoebae collected in the Guamblin Island. Our observed number of species was 33 (black 
horizontal line). This value was consistent with the estimate species richness curve based on Chao1 (black irregular line). Upper and lower 
conﬁ dence intervals are shown as gray dotted lines (calculated using 1,000 permutations without replacement).
Fig. 5. Bracketed samples encompass groupings (i.e. communities) that are dissimilar from other sampling sites at 43.69% (p = 0.001). 
A – Community A, includes those sampling sites located outside the forest (treeless-group); and B – Community B, includes those sampling 
sites located within the forest and at the forest margins (forested-group). Groupings are according to the group average method on Bray–
Curtis similarity index and fourth root transformed abundance-data. Black solid lines correspond to signiﬁcant clusters and dotted lines 
correspond to clusters without signiﬁ cant internal structure (based on SIMPER analysis using 1,000 permutations). 
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(Fenchel and Finlay 2003, Fenchel 2005). Guamblin 
Island has many habitats similar to those found in the 
nearby mainland, which in turn, are potentially suitable 
for the establishment of the arcellinids. Nonetheless, 
our outcomes did not support the ubiquity hypothesis; 
because we recorded only a small fraction of the total 
species richness observed in the nearby mainland (33 
species on the island versus more than 100 species of 
Arcellinida recorded on the near Chilean continent, 
Fernández unpublished data). Such situations are usu-
ally attributed to a low sampling effort (Fenchel and 
Finlay 2003), but our species-accumulation curve, 
based on Chao1 species richness estimator, showed that 
estimated curve reach an asymptote at the actual com-
munity species richness (Fig. 3), suggesting that only 
few more species of arcellinids are to be expected in 
future surveys. These results were concordant with the 
so-called ‘moderate endemicity hypothesis,’ which pro-
poses that at least some microorganisms have restricted 
geographical distribution (Foissner and Hawksworth 
2009, Fontaneto 2011).
One of the leading causes discussed to explain why 
some protists have a limited distribution is the ‘shell 
size’ of these organisms (Wilkinson 2001, Wilkinson 
and Smith 2006, Yang et al. 2010, Lara et al. 2011, 
Wilkinson et al. 2012). This predicts that, for thecamoe-
bians, limited geographical range becomes commoner 
above shell sizes of 100–150 μm, because it would be 
more difﬁ cult for larger microorganisms to become air-
borne and travel long distances than for the smaller ones 
(Wilkinson 2001). However, our results did not support 
this hypothesis, since we recorded many large species 
on the island (Table 2), such as A. vas and C. discoides, 
arcellinids with a mean size of 174 μm (± 25.1) and 160 
(± 46.17) μm, respectively (Zapata and Fernández 2008, 
Lahr et al. 2008). In a series of recent papers Foiss-
ner (2006, 2007, 2008) argues that a minute size is not 
a good reason to be a widely distributed organism. He 
cites several cases of macroorganisms with limited geo-
graphical distribution (e.g. macrofungi, mosses, ferns, 
and ﬂ owering plants), that possess microscopic or very 
small dispersal stages. Based on these examples he sug-
Fig. 6. Non-metric multidimensional scaling plot (nMDS) and Kruskal stress value for the nMDS conﬁ guration based on the abundance 
data of testate amoebae species found along the surveyed sampling sites on the Guamblin Island. Outlined circles represent groupings (i.e. 
communities) that are dissimilar from other sampling sites at 43.69% (based on SIMPER analysis using 1,000 permutations, p = 0.001). 
Groupings are according to the group average method on Bray–Curtis similarity index and fourth root transformed abundance-data. 
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Table 3. Species responsible for similarity within each community. The overall averages of the Bray–Curtis similarity (BC-s) between all 
sampling sites were 60.44% in the treeless-group (community A) and 63.91% in the forested-group (community B), respectively. Column 1 
shows the average abundance for each species in each of the two communities. Columns 2 and 4 show the average and the percentage con-
tribution respectively of each species to the BC-s. The column 3 corresponds to the ratio of the average contribution divided by the standard 
deviation. Column 5 comprises the cumulative percentage contribution to the BC-s, until the cut-off > 50% was reached. 
Species Average
abundance*
Average
similitude
Sim/SD Percentage
contribution
Cumulative
percentage
contribution
Community A
Centropyxis aculeata 2.76 10.58 9.92 17.50 17.50
Cyclopyxis arcelloides 2.13 7.26 6.97 12.02 29.52
Difﬂ ugia oblonga  curvicollis 1.94 6.90 13.82 11.41 40.93
Difﬂ ugia globularis 1.74 5.67 3.78 9.38 50.31
Other taxa 14.12 30.03 – 49.68 100.00
Total 22.69 60.44 – 100.00 –
Community B
Centropyxis aculeata 2.36 11.38 7.78 17.80 17.8
Argynnia dentistoma 1.57 7.81 11.19 12.21 30.01
Apodera vas 1.63 6.80 1.99 10.64 40.65
Certesella martiali 1.39 5.49 1.91 8.59 49.25
Centropyxis aerophila 1.25 4.61 1.35 7.21 56.46
Other taxa 10.80 27.82 – 43.54 100.00
Total 19.00 63.91 – 100.00 –
* Values were fourth root transformed (see Materials and methods).
Table 4. Dissimilarity comparison between treeless- and forested-groups (communities A and B respectively). The overall average of the 
Bray–Curtis dissimilarities between all pairs of sampling sites (BC-d) was 56.31%. Columns 1 and 2 show the average abundance for each 
species in each of the two communities. Columns 3 and 5 show the average and the percentage contribution respectively, of each species to 
the BC-d. The column 4 corresponds to the ratio of the average contribution (column 3) divided by the standard deviation. The column 6 
comprises the cumulative percentage contribution to the BC-d, until the cut-off > 50% was reached.
Species Average
abundance*
Community A
Average
abundance*
Community B
Average
dissimilitude
Diss/SD Percentage
contribution
Cumulative
percentage
contribution
Cyclopyxis arcelloides 2.13 0.24 4.25 2.65 7.55 7.55
Difﬂ ugia globularis 1.74 0.00 3.94 3.74 6.99 14.54
Difﬂ ugia oblonga curvicollis 1.94 0.22 3.86 3.34 6.86 21.40
Difﬂ ugia mitriformis 1.34 0.00 3.02 4.47 5.37 26.76
Difﬂ ugia cylindrus 1.64 0.60 2.98 1.65 5.30 32.06
Difﬂ ugia lanceolata 1.44 0.27 2.66 2.21 4.72 36.78
Certesella martiali 0.30 1.39 2.55 1.73 4.53 41.32
Centropyxis discoides 1.35 0.70 2.38 1.43 4.23 45.55
Difﬂ ugia bryophila 0.33 1.23 2.34 1.48 4.15 49.70
Centropyxis constricta 1.02 1.04 2.30 1.50 4.09 53.79
Other taxa 12.16 13.61 26.02 – 46.21 100.00
Total 25.39 19.30 56.30 – 100.00 –
* Values were fourth root transformed (see Materials and methods).
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Fig. 7. Bubble plots of the two most conspicuous species making up the observed similarity within each community. For community A: 
A – Cyclopyxis arcelloides; B – Difﬂ ugia oblonga curvicollis; and for community B: C – Argynnia dentistoma; D – Apodera vas. Bubble 
plots are superimposed from the nMDS showed in Fig. 5. Bubble size approximates relative proportion of a given species in each sampling 
sites (gray circles with numbers) and each community type (outlined circles).
Fig. 8. Bubble plots of the two most conspicuous species making up the observed dissimilarity between both communities: A – Certesella 
martiali and B – Difﬂ ugia globularis. Bubble plots are superimposed from the nMDS showed in Fig. 5. Bubble size approximates relative 
proportion of a given morphospecies in each sampling sites (gray circles with numbers) and each community type (outlined circles).
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gests that a minute size do not necessarily causes an un-
constrained geographical distribution pattern, and that 
therefore, other ‘factors’ must be involved (Foissner 
2007). This leads us to consider other causes to explain 
the low species richness observed not only in this study, 
but in other research on thecamoebian developed exclu-
sively on islands (e.g. Zapata and Crespo 1990, Balik 
1994, Wilkinson and Smith 2006, Heger et al. 2009). 
For instance, it seems more appropriate to explain the 
low species richness recorded for these organisms on 
islands through a merge of the ‘island biogeography 
theory’ (McArthur and Wilson 1963) and the ‘niche 
theory’ (Hutchinson 1957), which were originally pro-
posed to explain the distribution and organization of 
macroscopic organisms in ecological communities. The 
ﬁ rst theory predicts a dynamic equilibrium between 
colonization of new species and extinction of resident 
species, in which the species richness is an increasing 
function of island size and a decreasing function of the 
distance to a source of potential colonizers. While the 
niche theory (sensu Hutchinson), predicts a positive 
relationship between species richness and the ‘habitat 
heterogeneity’ (which include the ‘habitat diversity’). 
However, the island size, as is postulated by the island 
biogeography theory, probably does not have a direct 
inﬂ uence on species richness of microorganisms (given 
their obvious microscopic sizes), but could indirectly 
inﬂ uence the species richness through the reduction or 
the increase of the ‘habitat heterogeneity,’ and thus, the 
number of inter-speciﬁ c interactions (which is in agree-
ment with the niche theory). As a result, species-poor 
communities inhabiting islands will tend to be a nested 
subset of the species-rich ones inhabiting mainland. 
Nestedness of insular biotas is an extremely common 
pattern in macroorganisms (Wright et al. 1996), but 
has never been tested on ‘true’ insular microorganisms. 
To date, nestedness has been evaluated and conﬁ rmed 
only at the landscape scale on free-living microorgan-
isms (e.g. Peay et al. 2007, Soininen 2008, Fernández 
et al. submitted), and the island biogeography theory 
per se has only been tested on small scale for micro-
bial communities (e.g. proposing water-ﬁ lled treeholes, 
engineering machines, etc. as analogous to ‘islands’) 
(Kinkel et al. 1987, Bell et al. 2005, Reche et al. 2005, 
van der Gast et al. 2005, Peay et al. 2007, Lyons et al. 
2010), and without taking into account the habitat het-
erogeneity. The joint assessment of both theories and 
posterior conﬁ rmation of the nested pattern on ‘true’ 
insular microorganisms (i.e. number of species inhab-
iting mainland versus those inhabiting islands) would 
suggest that the processes that generate and maintain 
insular biogeographic patterns in macroorganisms also 
operate on microorganisms (e.g. extinction-coloniza-
tion dynamics). This could explain why there is lower 
protist diversity on islands, giving a valuable precedent 
to the current debate on biogeographical patterns in 
microorganisms. Furthermore, the traditional use of 
morphospecies concept also appears as an appropriate 
cause to explain the low species richness on Guamblin 
Island, since this can badly underestimate protistan di-
versity (Heger et al. 2011, Kosakyan et al. 2012). This 
could be especially true for southern Chile (36°S to 
56°S), a zone where the coastal margins had wide ice-
-free areas during periods of the Last Glacial Maximum, 
providing forested refugia for biota and promoting for 
thousands of years the local radiation of the taxa (Vil-
lagrán and Hinojosa 1997, Nuñez et al. 2011). This sug-
gest that the zone in which lies Guamblin Island (44°S 
and 46°S) would harbor new cryptic or pseudocryptic 
species of testate amoebae (species which can be dis-
criminated only by molecular techniques or by scan-
ning electron microscopy, respectively), which in turn 
represent a probably hidden and endemic diversity yet 
not evaluated. This hypothesis is also supported by the 
records of arcellinids not identiﬁ ed to species or genera 
level (Table 2). These microorganisms have never been 
observed within continental Chile, and thus perhaps are 
endemics to Los Chonos Archipelago. Another prec-
edent that suggests that the southern Chile could harbor 
a hidden diversity of testate amoebae is a detailed mor-
phometric study developed by Zapata and Fernández 
(2008) on populations of A. vas belonging to this zone. 
These authors found that shell size of this arcellinid 
have a multimodal distribution within different popula-
tions from southern Chile, suggesting the existence of 
several cryptic species rather than one, which in turn, 
could have radiated as a result of the combined effects 
of climatic processes, tectonic activity and glaciers his-
torically experienced by the zone south of 41°S. Nev-
ertheless, future molecular-based studies are needed to 
test, and eventually conﬁ rm or reject, if this region has 
historically acted as a ‘center of origin’ of species. Fur-
ther, although many of the species recorded here fall 
within the ‘cosmopolitan’ or ‘ubiquitous’ categories, 
we acknowledge that the determination of the species 
was not always easy using European literature. There-
fore we suspect that, in fact, several of the species from 
Guamblin Island, and perhaps from southern Chile, do 
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not correspond to any of these categories or to typical 
European species. However, this conjecture is based 
merely on morphological evidence, which once again 
stresses the need for molecular-based studies to reveal 
whether we are observing the same species recorded in 
the northern hemisphere or not.
Our analyses showed two distinct and discrete com-
munities within Guamblin Island (Figs 4 and 5). The 
ﬁ rst one (community A) grouped testate amoebae in-
habiting terrestrial and aquatic habitats located outside 
the forest. The second one (community B) grouped 
those inhabiting terrestrial and aquatic habitats, located 
within a forest. C. aculeata had the highest average and 
percentage contribution to the Bray–Curtis similarity 
in both communities (Table 3, column 2). This ﬁ nd-
ing is not surprising given that centropyxids, primarily 
C. aculeata, are known to be opportunistic and capable 
of existing in high numbers under benign or harsh en-
vironmental conditions (Dalby et al. 2000, Zapata et 
al. 2002, Bamforth 2004). If we exclude this species, 
we can see that the other thecamoebians listed in Table 
3 had a very high ratio in both communities (Sim/SD, 
column 3). As a result, they can be described as typical 
organisms of their respective communities (Clarke and 
Gorley 2005). For instance, Cy. arcelloides, D. oblonga 
curvicollis and D. globularis were prevalent within the 
treeless habitats (Table 3, column 2, community A). 
Testate amoebae belonging to Cyclopyxis has been re-
ported as moderately abundant species in different en-
vironments (e.g. rivers, estuaries, peatlands, litter) from 
South America (Zapata et al. 2002, Zapata et al. 2007, 
Fernández and Zapata 2011). In particular, Cy. arcel-
loides is considered mainly a pedobiont and relatively 
generalist species (Borba 2008, Bobrov et al. 2010). 
Hence, his prevalent occurrence in this community may 
be due to this last feature, rather than a speciﬁ c pref-
erence by treeless or aquatic environments. Moreover, 
low availability of mineral grains and mainly lack of 
water can restrict difﬂ ugids, because most of them have 
not cysts (Meisterfeld 2002). Therefore, in the presence 
of such elements difﬂ ugids will be normally found in 
appreciable numbers (Haman 1990). These organisms 
were also important in the differentiation of both com-
munities, as were virtually absent in the forest com-
munity (Table 4, Figs 6 and 7), once again, probably 
due to lack of appropriate conditions. Accordingly, the 
occurrence of these organisms within the forest com-
munity could be attributed to migration events from 
source habitats (habitats outside the forest). Further, 
the prevalence of cyclopyxids and difﬂ ugids suggest 
that habitats located within the community A are sub-
jected to unstable environmental conditions, such as 
frequent ﬂ oods and droughts; given that, plagiostomic/
hemispherical and acrostomic/cylindrical forms occur 
in high proportion in soils and aquatics habitats, corre-
spondingly (Foissner 1987). This idea is also supported 
by the type of ﬂ ora that dominates these habitats within 
this community (Table 2). Furthermore, its proximity to 
the coast suggests that these habitats are also subjected 
to occasional ﬂ ooding from the sea, idea supported by 
the prevalence of C. aculeata, testate amoeba frequently 
reported in brackish waters (Scott et al. 2001, Zapata et 
al. 2002). Community of testate amoebae from forested 
habitats (community B) housed a greater abundance 
of wet forest soils acrostome species (Table 3, column 
2, community B), which is consistent with results re-
ported by other authors in similar environments (e.g. 
Krashevska et al. 2007, Bamforth 2010). For instance, 
the most prevalent species (discarding the opportunistic 
C. aculeata) were the nebelids A. dentistoma, A. vas and 
C. martiali (Table 3, column 2, community B), which 
are species that typically inhabit the rainforests of 
South America (Bonnet 1966, Krashevska et al. 2007, 
Fernández and Zapata 2011). This result is remarkable, 
since the last two species are frequently cited as a non-
-abundant species, although they can be easily found in 
optimal environments, with minimum sampling efforts 
(Zapata 2005, Zapata and Fernández 2008, Fernández 
and Zapata 2011). A research conducted by Zapata et 
al. (2008) in a peatland located in Puyehue National 
Park (Chile) (as a result, we assume pristine conditions) 
revealed similar results, recording to A. vas in great 
number. Likewise, both species were recorded in great 
number in a recent research conducted during a year on 
a pristine peatland located in the same National Park 
(Fernández and Zapata, unpublished data). Moreover, 
in a study developed in Podocarpus National Park (Ec-
uador) A. vas was observed with relatively low number 
of individuals per sample, but still, was reported within 
the abundant species (Krashevska et al. 2007). This 
raises a new question: Is the prevalence of these two 
species an indicator of pristine environmental condi-
tions? It seems fair to think that the conditions in which 
the samples were stored and transported (e.g. maintain-
ing the original moisture conditions, at air temperature 
and protected from the direct sunlight) may set up cul-
ture conditions that could change the relative abun-
dances of the different taxa in the samples between 
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collection and counting (including the abundances of 
A. vas and C. martiali). Nonetheless, when the aim is 
to measure abundances and species composition of the 
active species at the time of sampling (as in this paper), 
then, samples must be kept under conditions similar to 
the sample temperature and moisture (Adl and Gupta 
2006; Bamforth 2007, 2010). Instead, the common 
method of air-drying samples for transport can lyse 
cells (Adl and Gupta 2006), changing irremediably the 
original species composition and abundances. Another 
recommendation is to examine the samples as soon as 
possible (Adl and Gupta 2006, Bamforth 2010), but 
given the remote location of the Guamblin Island, we 
were able to check samples only after three weeks. But 
still, we suggest that the time elapsed do not affected in 
a signiﬁ cant way the species composition and structure, 
because we recorded centropyxids, cyclopyxids and 
difﬂ ugids in high numbers within swamps and creeks, 
as is commonly reported in other studies conducted 
on these habitats (e.g. see Asada and Warner 2009 and 
references cited therein). Similarly, we recorded a high 
proportion of acrostomic species (e.g. nebelids sensu 
Meisterfeld 2002) within forest soils, as also is usually 
reported in similar researches (Bonnet 1966; Bamforth 
2007, 2010; Krashevska et al. 2007; Fernández and Za-
pata 2011). In other words there was not abnormality in 
the community parameters except for a slightly higher 
abundance than usual for A. vas and C. martiali.
CONCLUDING REMARKS
Here, we investigate for the ﬁ rst time the species 
composition and community structure of testate amoe-
ba inhabiting an unpopulated and pristine island from 
the southeastern Paciﬁ c. Our results revealed low alpha 
diversity and a high proportion of cosmopolitan spe-
cies. Nonetheless, one genus, four species and two sub-
species were recorded by ﬁ rst time, increasing to ~ 225 
species the total number of testate amoebae recorded 
in southwestern South America (considering both ﬁ -
lose and lobose thecamoebians). Moreover, four mor-
photypes were not identiﬁ ed to species level, and one 
could not be identiﬁ ed to species or genera level. This 
suggests that in past this island could be a glacial re-
fugium, allowing the radiation of new testate amoebae 
with limited capacity of dispersion, since they had nev-
er been recorded before in the next mainland, although 
this zone of the Southamerican continent has been ex-
tensively studied during the last 30 years. But, at the 
same time, our results highlight the natural-high ca-
pacity of dispersal of cosmopolitan species, given that 
they are occurring on a uninhabitated island, a place 
where (based on existing background) human inﬂ uence 
is certainly very limited. However, the determination 
of these cosmopolitan species was not always easy us-
ing European descriptions. Maybe, in future, the use 
of the term ‘cosmopolitan’ would not apply to a wide 
fraction of the Chilean testate amoebae fauna. Upcom-
ing molecular-based studies could help both to evalu-
ate the genetic diversity within these microorganisms 
and elucidate this issue. We also hypothesized that the 
low diversity of species recorded on the island is due to 
dynamics of selective colonization-extinction, process-
es that determines the low species richness of insular 
macro-organisms. However, this hypothesis needs to be 
evaluated in the future. Further, we show that testate 
amoebae are distributed in two discrete communities 
along the studied transect. The ﬁ rst one (community 
A) was constrained to habitats located outside the for-
est and had soil and aquatic testate amoebae as typical 
species. The second one (community B) was restricted 
to habitats located within the forest and had wet forest 
soils testate amoebae as typical species. The suggested 
primary factor differentiating these both communities 
was the availability of appropriate habitat for the differ-
ent species of testate amoeba. For instance, the lack of 
persistent aquatic environments within the forest prob-
ably limited the occurrences of difﬂ ugids in community 
B and the prevalent harsh conditions (e.g. occasional 
ﬂ ooding from the sea) outside the forest restricted the 
occurrences of nebelids in community A. Finally, we 
stress the prevalent occurrence of A. vas and C. martiali 
within the Nord Patagonian rainforest. The observed 
occurrences of both nebelids in this island and anoth-
er pristine environments suggest that the prevalence 
of these two species could be used as an indicator of 
pristine environmental conditions. Nonetheless, further 
studies are necessary to conﬁ rm this.
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